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RESEARCE MEMORANDUM

LANGTEY FULL-SCATE-TUNNEL INVESTIGATION OF MAXTMUM LIFT
" AND STABILITY CHARACTERISTICS.OF AN ATRPLANE HAVING
APPROXTMATELY TRIANGULAR PLAN FORM (DM-1 GLIDER)

By J. Calvin Lovell snd Herbert A. Wilson, Jr.
SUMMARY

" An investigation.of the DM-1.glider, which had approximately
triangular plan form, an aspect ratic of 1.8, and a 60° sweptback
leading edge, hes been conducted in the Lengley full-scale tunnel.

The investigation consisted of the determination of the separate
effects of the following modificetions made to the glldsyr on its
maximum 1ift and stabillty characteristics: (a) instellation of

sharp leading edges over the inboard semispan of the wing, (b) removal
of the vertical fin, (c) sealing of the elevon control-balance slots,
(d) installation of redesigned thin vertical surfaces, (e) installation
of faired sherp leading edges, and (f) installation of canopy.

The maximum 1ift coefficient of the DM-1 glider was increased
from 0.61 to 1.01 by the installation of semispan sharp leading
edges, and from 1.0l to 1.2k by the removal of the vertical fin and
sealing of the elevon control-balance slots. The highest maximm
1ift coefficlent (1.32) vas obtained when the faired sharp leading
edges end the thin vertical surfaces were attached to the glider.

"The original M-l glider was longitudinally steble. The demi-
span sharp leading edges shifted the neutral point forward approxi-
mately 3 percent of the root chord at moderate '1ift coefficlents,
and the glider configuration with these sharp leading edges attached
was longitudinally unstable, for the assumed center-of-gravity
location, at 1ift coefficlents above 0,73. Dealing the elevon
control-balénce slots and installing the faired sharp leadlng edges,
the thin vertical surfaces, and the canopy shifted the neutral point
forward approximately 8 percent of the root chord.

The dthedral effect of the DM-1 glider with the vertical fin
removed and elevon control-balence 'slots sealed was positive for
1ift coefficients up to 0.7+ The semispan sharp leading edgss
extended the lift-coefflicient renge for posltive dlhedral effect up
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to a 1ift ceefficient of 1.0. The faired sharp leading edges, which
increased the angle of sweepbeck 4.2° reduced the highest 1ift coeffi-
cient for positive dihedral effect to 0.7, _

The configurations of the DM-1 glider with no vertical fin had a
small degree of directional stability at low 11ft coeffivients and
became directionally unsteble at the higher 1ift coefficients. ' The
thin vertical surfaces installsd on the IM-1 wing having elevon
control-balance slots sealed and semispan sherp leading edges attached
contributed an increment of approximately -0.0024 to Cnﬁﬂ thereby

glving positive directional stability at all 1ift coefficients. The
fTaired sharp leading edge and the P-BO canopy had destebllizing
effects on an

The results indicate that airplanes having approximately triangular
plan form with 60° scweepback and sharp leading edges can be designed
to have accepteble stability characteristics in the subcritical speed
range.

INTRODUCTION

Research directed toward the atitainment of suversonic fiight
has led to Interest In the characteristics of wings of high sweep
and of low aspect ratlo. Since there are only limited full~scale data
on such winge, an investigation of the German IM-1 glider has been
conducted in the Langley full~scale tunnel. The IM-1 glider, wvwhich
vas desligned for the investigation of the low-speed characterlstlce
of an eirplane configuration beliesved suiteble for supersonic flight,
has approximately triangular plen form, airfoil sections similar to
the NACA 0015-64, en aspect ratio of 1 8 end a 60° sweptback leading
edge .

Preliminary tests of the DM-1 glider in the Langley full-scale
tunnel disclosed that the maximum 1ift coefficient was considerably
lowver then had been indicated by low-scale tests of similayr confligu-
rations. In an effort to increase the mazimmm 1iPft coefficient,
the effects of sharp leading edges, redesigned vortical surfaces,
and other modifiecations to the DM~1 glider were investigated. In
addition to the maximum-1ift tests, an investigation was made of ‘the
stability and conbtrol characteristlics of those glider configurations
believed most suiteble.

. The results of the major part of the maximum~1ift investigation
have been presented in reference 1. The present paper gives the
results of the stability and control investigation and also includes
a brief summery of the maximm-1lift results.
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SYMBOLS

The data are referred to the stability axés, which are defined
in figure 1. The moments are glven ebout center-of-gravity locations
assumed to be at 50 percent of the root chord. (See figs. 2(a)
and 2(c).) The wing area of the original IM-1 giider (215 sq £%)
was used in computing the coefficients of glider configurations 1 to 6
The wing area of glider configurations T and 8 (232 sq £t) was used
a8 a basis for the coefficlents of these conflgurations.

Cy, 1ift coefficient (L/gS)
CI'max maximum YIft coefficlent
Cx longitudinal-force coefficient (X/qS)
Cy ' lateral-force coefficient (¥/qS) .
C, rolling-moment coefficient. (L'/qSb)
Cn pitching-moment coefficient (M/gSc?)
Cp yawing-moment coefficient (IN/qSb)
o _ 7,
Cn elevator hinge-moment coefficlient -
1ift
X longltudinal force
lateral force
! rolling moment -about X-axis
pltchling moment about Y-axis
N yawing' moment about Z-~axis
Hy elevator hinge moment
q . dynamlic pressure (%pva)
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mass deneity of air

o)
v free~stream velocity
R Reynolds pumber'
S- ~wing area '
¢y . root chord of glider configuration 1
c! mean geometric chord of wing (S/b)
b epan of wing
be elevator span, feet
Ce elevator root-mean-square chord behind hinge line, feet
C% rate of change of rolling-moment cpefficien‘b with angle
of yaw, per degree :
Cn rate of chenge of yawing-moment coefflclent with angle
A} of yaw, per degree
Cy rate of change of lateral-force coefficient with angle
v of yaw
o angle of attack (measu_fed in plane of symmetry), degrees
L 2 angle of yav (positive when right wing 1g back), degrees
(%) rate of change of pitching-moment coefficignt with
© =0 elevator deflection measured at By = 0
e engle of elevator deflectlon (positive down), degrees
B angle of flap deflection (positive dowmn), degrees

TEST ATRPLANE AND MODIFICATIONS

The IM-1 glider was designed in Germany for the investigation of .
the low-gpeed characteristics of an sirplane configuration belileved
sulteble for supsersonic flight.
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The DM~1 glider has an spproximately triangular plan form,

airfoil sections similar to the NACA 0015-64, en aspect ratio of 1.8,
and a 60° sweptback leading edge. It was constructed almost entirely

of wood, the skin was %—inch three~ply bilrch plywood, and the spars

and ribs were of conventional box-beam construction. The principal
dimensions of the glider are given in figure 2 and table I. General
views of the glidesr mounted in the Langley full-scale tunnel for
tests are glven in figure 3. The glider as recelved was equipped
with a rudder for directional control, elevons for lateral and longi-
tudinal control, and longitudinal trim fleps. The balance on ths
control surfaces was of the elliptical overhemg type. The balance
gep was relatively large, however, and the shape of the wing just
ahead of the balance gap was elliptical. (See fig. 2(b).)

Following the basic tests of the originel IM-1 configuration,
numerous modifications were made to the glider in an effort to .
improve its aerodynemic characteristics. These glider modifications,
which are referred to throughout the present report by conflguration
numbers, are sketched in figure 4 and are outlined as follows:

Configuretion 1: Originel DM-1 glider. (See figs. 2(a) and 3(a) .‘)

Configuration 2: DM-1 glider wlth semispan sharp leading edges
attached. (See fig. 2(b).)

Configuration 3: ]M-:i glider with verfical fin re_moved.

Configuration 4: TIM-1l glider with vertical fin removed and elevon
control-balance slots sealed.

.Configuration 5: DIM-1 glider with vertical fin removed, elevon
control-balance slots sealed, and semlspan sharp leading edges
installed. . '

Configuration 6: Same as configuration 5 with the redesigned thin
vertical surfaces shown in figure 2(c) installed. These vertical
purfaces were, for simplliclity of comnstruction and installation,
made with rectangular sections three-quarters of an inch thick.

Configuration 7: - Seme as confiéuraﬁion 6 with the faired sharp
leading edges shown im figure 2(c) replacing the semispen. shayp
leading edges. b

6onfiguration 8: Seme a#s configuration 7 with the P-80 canopy
added. (See figs. 2(c) and 3(b).)
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METHODS AND TESTS

. The tunnel airspeed for the tests wes limited to approximately
45 miles per hour because the structure ineide the glider, which
was avallable for connection wlth the model supparting struts, was
exceedingly fragile. The testas of glider configurations 1 to 5
were conducted at’ ghis airspeed, which corresponds to a Reynolds
number of 4.6 x 10° based on the msan geometric chord of glider
configuration 1 (10.97 £t). Buffeting of configurations 6, 7, and 8
necessitated a reduction in tunnel alrspeed.for tests of these )
configuratimns to 36 miles per hour.

In drder to determine the separate effects of the component
parte and modifications of the DM-1 glider on 1te aerodynamic
charagteristics at zero yeaw, the forces and moments on each glider
configuration were measured throughout the angle-of-attack rangs
with all control surfaces locked at 0° deflection. Tests were
conducted for configurations 1, 2, and 8 in order to determine the
effect of the semlspan sharp leading edges and of the modifications
of configuration 8 on the elevator effectiveness and on the longi-
tudinal stability. characteristics of the glider. The elevator hinge
moments and the effectiveness of the trim flaps of glider configu-
ration 2 were also determined. The latersgl stability characteristics
of glider configurationa 3 to 8 with control surfaces neutral were
investigated by determining the aerodynamic characteristice of each
configuration at engles of yaw of approximately 0°, #39, ¥59, -10°,
=159, and -20°.

RESULTS AND DISCUSSION

The results of the IM-1 investigation are summarized in
figures 4 to 10, end the basic data from which the summary figures
were prepared are presented in figures 11 to 21. An index to these
figures ig given iIn table IT. All the test results have been
corrected for the effect of the Jet boundaries on the drag coeffi-
cient and the angle of attack. No correction has been applied to
the data, however, for the effect of the Jet boundaries on the
rolling-moment coefficient or for the tares of the model: supporting
strute, which were found to be of negligible magnituds.
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. Maximm Lift

. The summary results of the maximm-1ift investigation of the
elght DM-1 glider configurations are given in figure 4. The meximum
1ift coefficient of the original DM-1 glider {configuration 1) was
increased from 0.61 to 1.01 by the installation of the semispan sgharp
leading edges showm in figure 2(b). These sharp leading edges induce
vortex-type flow over the upper surface of the wing which delays the
stall to much higher angles of attack. (See reference 1.) The
maximum 1ift coefficlent of the glider was also increased from 0.61
to 0.93 by the removal of the verticel fin. The maximum 1ift coeffi-~
cient of the glider with vertical fin removed (configuration 3) was
increased fram 0.93 to 1.08 by the sealing of elevon control-balance
slots, and from 1.08 to 1.2k by the installation of the semispen -
sharp leading edges. The addition of the redesigned verticel
surfaces to glider configuration 5 increased the meaximum 1ift
coefficient from 1.24h to 1.29. The highest maximum 1ift coefficient
measured (1.32) was obtained for glider configuretion 7, which had
the faired sharp leading edges-and the redesigned verticael surfaces
" installed. The additlon of the P-80 canopy toc glider configuration T
decreased. the maximum 1if't coefficient to 1.27. The asrodynamic
characteristica of each of these eight DM-1l glider configurations,.
throughout the engle-of-attack renge, are shown in figure 11. - -

/

rations 3 to 8 are also shown in figure 11. The 1ift characteristics
of glider configuration 3 were not affected in any systematic memner
by angles of yaw up to ~9.9°. The 1lift coefficient at any angle of
attack was, however, decreased scmewhat by yaw engles of -14.9° -

. and -19.9°; As the maximum 1ift coefficient of the glider was
increased by the modifications of glider configurations 4 to 8, the
1ift coefficient became incresasingly dependent on yaw angle. The
1ift coefficients at an angle of attack of 38° and zero yaw for
glider configurations 4, 5, 6, 7, end 8 were decreased by incre-
ments (ACy) of 0.12, 0.13, 0.26, 0.37, and 0.39, respectively;

by =9.9° of yaw.:

..The effect of tunnel velocity on the 1ift coefficient of glider
configuration 2 is shown in figure 12. These data were obtained gt
tunnel velocities of 29 to 52 miles per hour, vhich correspond to
Reynolds numbers of 3.0 X 10° to 5.3 X 10, respectively. ' The
maximum 1ift coefficients measured at these Reynolds mmbers indicate
that the reduction in tumnel velocity from 45 to 36 miles per hour,
which vas necessary for the tests of glider configurations 6, 7,
end 8, had no appreciable effect on CIma_x'

a

The effect of yaw on the 1i1ft characteristics 6f' glider configu- -
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Longitudinal Stability end Control

Longitudinal stebility and control, stick fixed.- The stick-
fixed static. longitudinal stability and control characteristics of
glider configurations 1, 2, and '8 for the center-of-~gravity locations
-agsumed are indicated by the curves of figure 5. These results,
which glve the elevator deflection for trim at varilous 1ift coeffi-
cients, were obtained froam the curves of figures 13 and 4. The
rate of change of elevator deflection with 1lift coefflcient for -
configuration 1 (original DM-1 glider) indicates stable elevator-
control movement throughout the lift-coefficient range investigated.
Glider configuration 2, which had the semlspan sharp leading '‘edge
attached, is etatically atable up to & 1ift coefficilent of 0.73,
above which the elevator deflesction for trim 1s in the unstable
direction. Glider configuration 8 was statically stable for lift
coefficients up to 0.87, above which elevator-effectiveness. date
were not gvaileble. The variation of Cp, with Cp for configu-

ration 8 with controls neutral, however, indlcates that this

configuration has static longitudinal stability for 1ift coefficlents - .
up to 1.25. .
The static loﬁgifudinal stability characteristics of configu~ .

rations 1, 2, end 8 for any center-of-gravity location cen be

determined from the curves of figure 6, which show the center-of-gravity
locations at which the longitudinal stability is neutral when tho .
glider is trimmed. The locatlion of the neutral point of conflgu-

ration 1 moves rearwerd from 0.520cy at Cp = 0.1 to 0,5h6cl

at Cr, = 0.46. The vortex-type flow induced by the semispan sharp

leading edges of glider configuration 2 shifts the center of pressure
of the wing forward, decreasing the static margin, so that less
elevator deflection is required to trim configuration 2, as was
previously indicated by the curves of figure 5. The neutral point

of configuration 2 .is at 0.5lhcl et 1ift coefficients up to 0.5,

and above this 1ift coefficient the neutral-point location moves
forward with increasing 1ift coefficient. At 1ift coefficients
above 0.73, the neutral point is located forward of the center of
gravity, meking the glider unstable. The modifications of glider
configuration 8, which add 16.9 square feet of area at the leading
edge of the wing, move the neutral point forward to approximately
0.475¢;. This point, however, corresponds to 0.530 of the root

chord of configuration 8, so the configuration is longitudinally
stabli, for the center-of-gravity locatlion assumed 0.50 of root
Chord * . L
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It is of interest to compare the neutral-point locations of
the IM-1 glider with the thecreticel neutral-point location for a
wing of similar plean form. Felkner has mede calculations .
(reference 2) which show that the meutral point of & delta wing
(equilateral triangle with apex forward) is located at 58 percent
of its root chord, which polnt corresponds to 50 «6 percent of the
root chord of. the DM-l. This yvesult is in good agreement with the
neutral-point locations of DM-1 glider configurations 1 and 2,
which have plan forms approximating an equllateral triangle.

Elevator effectiveness.~ Tha results of the elevator-effectiveness
tests of glider configurations 1, 2, and 8 are given in figure T, which

a
shows the varlation of (dﬁ with engle of attack. The elevator
aCp :
effectiveness -~ a'é— of configuration 1 reaches,,i’bs nmeximum
=0

value of 0.0050 at en angle of attack of 10° and then decreases with
increasing angle of attack to 0.003'{ a'b 17°. The value of ( )
Be Be=0

for configuration 2 is 0.0045 ab en engle of abtack of 10°, and
decreases to 0.0034 at o = 28°., This decrease in - %g_g " with

: S ©/p6=0
angle of atbtack is less rapid for configuration 2 because the semi-
span sharp leading edges maintain orderly flow over the elevon surfaces
at higher engles of attack. The effectiveness of the elevators of
4C

configuration 8 remains substantially constant at -(d = 0.00h2
€/5,=0
e

3]
throughout the angle-of-attack range investigated.

Trim-flep sffectiveness.- The seffect of trim-flap deflection on
the aerodynamic characteristics of glider configuration 2 is showm
in Pigure 15. The rate of changs of piitching-moment coefficient .
with trim-flap deflection is approximately constant throughout the
flap-deflection range (*11°) and increasses slightly with 1ift coeffi-
cient. At a trim 1ift coefficient of 0.86, 5° of trim-flep deflec-
tion and 2° of elevator deflection give correspond.ing increments of
pitching-moment coefficlent. The trim flap alone, however, 1s not -
sufficiently powerful to trim the glider, for the cen‘cer-of gravity
location assumed, at any 1ift coefficient. )
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Lateral Stability and Control

The separste effects of the modifications made to the DM-1 glider
on Cﬁy’ an, and me - are shown in figures 8, 9, and 10. 'These

values of CIW’ an, and GY* were obtained from the variation

of C;, Cpn, end Cy with- V¥, at amall angles of yaw (¥ = ¥59),
vhich i1s shown in figures 16 to 21,

Dihedral effect.- The value of cly for glider configuratioh 3,

(original glider'with vértical Pin removed) increases from O at zero
1ift to 0.0019 at Cp of 0.5; and as Cp, increases above 0.5,

CIW decreases, reaching O at Cp of 0.68 end ~0.002 at Cy, of 0.9.

Sealing the elevon control-balance slots (configuration 4) d4id not
change the dihedrel effect of the wing. The semispan sharp leading
edges of configuration 5 increased the dihedral -effect of the glider.
The maximum value of CZ* for this configuration was 0.0024 (which

value in terms of a conventional unswept wing of aspect ratio 6
corresponds to 12° effective dihedral), and the dihedral effect
wag posltlive for 1ift coefficients up to 1.0. This increase in
dihedral effsct is probably due to the voritex actlon induced by
the semlspan sharp leading edges, which delay the atall of the
leading wing tip. The additlion of the redesigned vertical fin to
glider configuration 5 had no appreclable effect on Cz*. The

effective dihedral of glider configuration 6 was considerably
reduced by the replacement of the semlspan sharp leading edges

by the falred sharp leading edges of configuration T, probably
because of the Increased angle of sweepback. The maximum value
of CZW for configuration 7 was 0.0014, which decreased to O at a

1ift coefficient of 0.7, and to -0.0030 at a 1i1ft coefficient
of 1.15. The P-80 canopy of configuration 8 did not affect CZW

appreciably at 1ift coeffliclents below 0.9. At 1ift coefflcients
above 0.9, however, the canopy contributed a destablilizing incre-
ment to Czw, which decresased the minimum value of Czw to =-0.005

at a 1ift coefficient of 1.15.
Directionel gtebility.~ The original DM-1l glider wing (confign-

ration 3) had a smell degree of directional stability at 1ift
coefficlents between 0.3 and 0.7. The minimum value of an for

configuration 3 was -0.0007 at Cy, of 0.55, and at 1ift coefficients
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gbove this value C increased with Yift coefficient to unstable

Ty
values at 1ift coefficlents above 0.7. The sealing of the slevon
control-balance slots had no effect on the minimum value of .an, ’

but the 1ift coefficient at which the directional stability of
configuration 4 became neutrel was increased to 0.81. The semlspan
sharp leading edges of configuration 5 also extended the lift-
coefficient range over which the directional stebility was positive
(Cny =0 2t Cp=1. 05}, although the minimum value of Cp,

remained at -0.0007.

The directional stebility provided by the redesigned thin
vertical surfaces 1s showm by the comparison of Cp ny for glider

configurations 5 and 6 in figure 9. The verticel surfaces of con-
figuration 6 contributed a steble increment of approximately ~0.002k
to an throughout the lift-coefficient range investlgated.

qu, for configura'bion 6 was -0.002k at Cy of 0.3, -0.0034 at.
C;, of 0.8, and -0.0012 at Cp, of 1.1l. These values of Cp ny are
believed to be adequate for setisfactory flying quali’cies.

The directional stebility of glider configuration 6 was red.uced.
at 1ift coefficlents above 0.7 by the faired sharp leading edges of
configuration 7. . The value of Cn. ¥ for configuration T was -0.0002

at Cp of 1.1, “and 0 at C;, of 1.2. The P-80 canopy of configu-
ration 8 hed a destabilizing effect on Cp v which increased with O,

reducing the directional stabllity to neutral at Cp of 1.0.

.Lateral-force effect.- Glider configurations 3 and 4 had zero
lateral-force effect at 1ift coefficien'bs up to 0.5, above which Cy v

increased almost 1inea:cly with Cp to 0.008 at Cp, of 0.85. The

lateral-force effect of configuration 5 increased from O at 1ift
coefficients below*0.8 to 0.005 at Cp of 1l.1. The lateral-force
characteristics of the three glider configurations which had the
redesigned thin vertical surfaces atitsched (configurations 6, 7T,
and 8) had the same lateral-force characteristics. The values

of CYIV for these configurations were approximately 0.007 at a

1ift coefficient of 0.3 and increased slightly with 1ift coefficient.
to approximately 0.008 at a 1ift coefficient of l.l.
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SUMMARY OF RESULTS

The results of teste of eight configurations of the DM~1 glider
in the Langley fu;l~scale tunnel are summarized as follows:

1. The meximum 1ift coefficlent of the DM-1 glider was increased
from 0.61 to 1.01 by the installation of semispan shearp leading edges.
Removing the vertical fin from the glider and sealing thd elevon
control-balance slote increased the maximm 1ift coefficient to 1.24.
The highest maximum 1ift coefficient (1.32) was obtained when faired
sharp leading edges and thin vertlcal surfaces were installed on the
glider.

2. The maximum 1lift coefficlent of the original M-l glider
wlth vertical fin removed was not critically dependent on yaw
angle. As the maximum 1ift coefficient was increased, however,' by
sealing of the elevon control-balance slots and by installation of
sharp leading edges, systematlic decreases In the meximum 1ift coeffi-
clent resulted from yav.

3« The original IM-1 glider wes longitudinally stable for the
assumed center-of-gravity vosition. The semispan sharp leading
edges shifted the neutral point forwerd spproximatsly 3 percent of
the root chord at moderate 1ift -coefficients, and the glider configu-
ration with these sharp leading edges attached was langlitudinally
unstable, for the assumed center-of-gravity location, at 1lift
coefficients above 0.73. Sealing the elevon control-balance slots
and inetalling faired sharp leading edges, thin vertical surfaces,
and ‘the canopy shifted the neutral point forwerd approximetely
8 percent of the root chord in the lift-coefficlent range investigated.

b The dihedral effect of the original M-l glider with vertical
Tin removed was positive at 1lift coefficients up to 0.7. The semi-
gpan sharp leading edges extended the lift-coefficient range for
rositive dlhedral effect up to a 1ift coefficient of 1.0. The
falired sherp leading edges decreased the highest 1lift coefficient
for positive dihedral effect to O 7. The redesigned vertical
surfaces 4id not change. the dihedral effect of the glider.

5. The confilgurations of the -MM-~1 glider with no vertical-
fin had a amall degree of dlrsctional stability at low 1lift coeffi-
cients and became directionally unstable at the higher 1ift coeffi-
clents. The redesigned thin vertical surfaces installed on the
DM-1 wing having elevon control-balence slots secaled and semispan
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sharp leading edges attached con‘b_ributed. an Increment of approxi-
' mately =0.002% to Cny, thereby giving the glider configuration

directional stability at all lift coefficlents. The faired sharp
leading edges and the P-80 canopy had destabilizing effects
on an.

6. These results :Lnd.iqate that airplanes having approximately
trisnguler plan form with 6Q° gweepback and sharp leading edges
can be designed to have accepbable stability characterlstics.in
the subcritical speed range. ' .

Langley Memorial Aeronautical Leboratory
National Advisory Committes for Aercnaubics
Langley Fileld, Vs. :
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TABLE I

DIMENSIONS OF DM-1 GLIDER

Original Glider
Wing:
Span, ft. + « « &
Area, 8q Pt .« o .
Aspect ratio . .
Ajrfoll sectlion . . .
Thickness, percent chord

s e« o o
. . e [

a ® s e

Polint of greatest thickness, percent chord

Root chord, ft
Mean gecmetric chord, £t .
Tulst, 888 + « o ¢ o o o »

Dihedral deg ¢ & e ® e &

Sweepback (L.E.), deg .
Sweepforward (T.E.), deg

Vertical location of center of gravity,

chord from chord line « «

L
L
-
[

* w ® & ¥

Horlzontal location of center of gravity,

root chord

Horizontal control surfaces?y
Totel elevon ares, s8g £+ o+ .
Elevon chord, f£ + « « « « &

Elevon hinge location, percent chord

Elevator-angle range, deg . .
Alleron-angle rangs, deg . .
Total trim-flap area, sq £ .
Trim-fl&p chord’ Tt ¢ ¢ ¢ o &

Vertical tall:
Helght, ft « « « « o« & .
Aree (to chord line of wing),
Aspect ratio ¢ ¢ o ¢ 4 4 ¢
Alrfoll section « « « ¢« o +
Thickness, percent chord . .
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NACA RM No. L7F16 L

TABLE I - Concluded

DIMENSIONS OF DM-1 GLIDER =~ Concluded

Modifications
Semispan sharp leading edges:
Length, ft « . . .
Width, in. « « ..
Thickness, in. . «
Area, sgq £t . . .

v & & ®

Vertical fin:
Height, £t .

Avea (%o chord line), sq £t . . .
Aspect ratio ¢« « ¢« ¢« 4 & ¢ o 0 .o
Thic]ﬂleBB, mt L] A ] [ ] L . - 1] 1} . L )
Root chord, £t « « « « « « « o « &
Angle of sweepback {L.E.), deg .

Angle of sweepforward (T.E.), d.eg

Ventral fin:
Heis}lt, f‘b . - L) [] L ] L ] . L ] . . -
Avea (to wing profile), sq £t .
Thickness, IM. .« ¢« ¢« « ¢ ¢ « « & &

Faired sharp lsading edge:
Tengbh, £t v « ¢« ¢ ¢« ¢ ¢« ¢ « +

Total projected area, sq ft . . .

15
a4 8 £ * & = t010183
a =t & ¢ & ¥ ¥ 5 s 3
. - 0.06
S 3% 1]
Gt v e e e . 685
4 ® a4 ® 5 = 3 = s * 33'3
e« % a2 # & 3 € & & llh'l
2 8 s s 8 LI ) 0075
9.79
* &§ o & & & s s 3 @ 35
s » a4 B & "« s @ o
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Figure /- The Stobility System of axes. Arrows indicale
positve  drechons —of moments, forces, and  conirof-
Ssurface  ceflections. This Systern o axes s daefined as
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plare of symmetry and perpendicular fo the relative
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perpendicaiar 70 the plane of  symmelry.
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Fig. 9 NACA RM No. L7F16
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Fig. 12 NACA RM No. L7F16

r/ L S

/0 _, giwﬁﬁ

/ i
2 4 ]
¥i . NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
CONFIDENTIAL
O | I

0 4 8 /2 6 20 24 28 32

Angle of attack,(C , degrees

Figure /2 .~ Effect of tunnel airspeed on 1lift coefflolent for the DH-2
glider. OConfiguration 2.



Lift aoaffiolent, Op

Lift cosffintent, Oy,

NACA RM No. L7F16 F
Longitudinal-foroe ooeffiolent, [~
) =/ =& =3 _
i & l T T 7 T T T T T T 1
F/e/vofor—def’/ecf/on angle, G ,deg
& 7 - 203/ -8~ 03(6 &2
A A6, 1l L Ll 27V ]
Ammwa; e 72 ARMRRT I U
NENESCGBE a7 L
Auy grz i
| P AT
Oz M
~ZZ /f ‘
< 0 4 8 72 16 08 04 O B4 D8 =i2
Angle of attack, CC , dsgrees Fitching-moaent aoefficlent, O,
(o) @Glider configuration L.
Longitudinal-force ccefficlent, L%
0] -/ =2 =3 -4 =5
10 :l%cz} 15 0 36'9_,2_
. =17 =T _Ij-fz-'é’-fa / /r
. PEEERNP =P =]
” P AT
. 7 sAP aviaia
gl A7 o] LA LS i
4 oA /5 //‘7 / /V// / /
) ot | 1 /] / )/
-/5 -15 nrr
2 -
o e I I i i
10 14 /8 22 26 .08 04 (9] -04 -08

Angle of attack, (I, degrees

{b) GIlider configuraticn & with elevon controi-belance slots open.

Figure /3 .- Effest of elevator deflection on tha asrodynamic charsoterigtics of the DM-1 rlider. 5¢sC.

Pitching=mozent coeffiolent, [



Fig. 14 NACA RM No. L7F18 .

Longitudinal-force cosfficient, Oy

Ny -/ =2 -3 -4 =5 -
12 T T T e
AN Se o)
("8’97 23 23
10 =t et |
/
% 23 = = =25
s g = L]
A e

NN
N
N

Lify coeffiodent, Cf
[s )

N
NS
0\

N,

S
\
\
\
N
N

OV
—
\

N

N

O

o 4 8 /2 16 20 24 28 32 36 .

Acgle of attack, O, &egrees

{a) Yariation with Op of Oy 8ba L.

i | |

O o| 6 23 0
10 weg) 300 | / / _,‘,-l()?fLQ N |\

fiicient, 1
(8]
\
!\\\{
\-..\ G
P
i \\
\\__//

. /
Wi 1
y 1N V4 / []
1/ []
Jl j 4 Hll /

Iift coe

™~
N
N

=
) JLL 1/Rav
A\ || com— ¥ r
0 hd ) 1 i
o4 o 04 -£8 2 08 04 0 -04  -08 12
Elevator hinge-moment coeffiolent, Oy, Pitching-momeat coeffiolent, O
; o . NATIONAL ADVISORY
(b} Veristion with Op of Gy and fp, . COMMITTEE FOR AEROKAUTICS
Ficure /el .~ zffect of elevutor defleotlon on the meraiynemi: sharscterlsties of the DW-1i glider.
Suflzuration 23y = 0.



Longltudinai~-faroe ooeffiolent, oy

:
O </ =2 =3 -4 -5 >
L - 2
i [ﬁ;}l (03"-65” 5
10 =70 ' 8 /ERNAY E
= Z Y
o ] i A
SEEEDZ 77 W
(T Pz I
LD v 1
3 PZ4 1
PZ i
2 L Z/ il
o Z —— L
c 4 &8 12 16 20 24 28 0 -0¢4 -08
Angle of attack, (', degreas Pltching-moment noefficient, Gy

Figura/5 .= Effact of trin-Tlap dsflsotlon on the morodynamdo cheracteristios of
the DN-1 glider. Configurstion 2; 3 a0’

gT "8td



L-:-::u-ruru. coerficient, Oy

Yaving-mcasnt sosffioleny, -

Aollii pemnment ooerfiolent, o

] ’ T - F
i o4
1 ; ' :F !
L ' g Cf@rfaL
A Zor ’ i ool b 5 1y .é’g——
- 0 hod [ ¥ N e P e v .
b ] | It i ot /45
% g iy 2 bt 194
-’ .! el \‘\
i g I~ . b 4.2
] E +
i ¥ _ps8 29/ ~—
a‘(’y:d) . g i
Of Ia;:k\ - b 339
A5 = e
29 o N 'i:*—b_h ]
5 -
-0 | 339} -5 .__TIA-J' 338
Dk I
§ 29
! K] |
0 3395-._‘-\ i;‘ AT
; 2918 § -3
GW‘O') l toA 5 .
O é M = k o } F_ ‘E‘ —— M2 —]
| 1/,—:‘&::—;%_ L -
) 9.2 - // ” g- [ a4 —
| ) i | b1 |
e 54‘2 /r / _J T
45 // ! Nl A5
-t 1 ) 5 —
194X : i 1 e - o—ft- 3.3
BT 1| |e——— | oLt 2
~24 20 -6 2 -8 ~4 o =20 -/6 -12 -8 -4 0 4
Aogls of "'er dezreas Angls uf .'l",y, degrees HATIONAL ADVISORYT
(a) og, 0, . ) o, o. COMMITTEE POR APIORAT IS

Tigura ' .= Effuct of yaw ea the Asrodmoenic chaTvoteristica of e -1 gllder. Oonfiguwtien 3§ §v 0%

9T 314

9TdLT "ON WY VOVN




STHALT ‘ON WY VOVN

Yswing-woaent ooaffiolent, @, Latersl-foroe ooerfiolst, Uy

&

Bolling-acment oceffloisc¥, O,

I
* R
] NP n
M,E’f-
——— - o4 Qod)
o M m’;'—
— i . ot ) b‘g
I I o S e D P
£ x bty x
//’ E _.m Y h A 0.5
* k\\ f—‘n ﬁ ¢ [ 15
-] — -
[~ L T =) % 08 *
__u—:‘_""_":.-“"j -—b_._A-J H . —__‘-—-L'_“'“'-—h-— S 9
h"‘---~_.L______ |~ e ||
/ -2 -~ - LY
-
-5 e [t has
V’/
et
-1 |
= _ "'ﬂ\‘h ".4 | —
e —
/; 1'/ \L\ \l 4 ‘{‘ il [P g
e o] P - ‘__‘J;,_-—"‘"
‘ﬁ( \ /ﬁ 5 -3 o |
. o
/?? —o—" ;9 3 U R W B oy ~e 1239
= - v i <
T s —a— 45 :
[ ——183 [——
[~ ——239 g t ol 138
—a—289 -/
——13 )
. ——34% ] A 145
— , RES=Semmee
-8 ~le -8 -4 0 4 20 -8 =/2 -3 ~-of a 4 8

dagle of yaw, ', dogace fagle of rau, Y, deprees
(a} Oy, 8, 9;- COMMITTIL IR ARDHATICE (o) 0, o,

Figure /7 .= REfect of yhw on the Amvodynanis cughateristias of W6 PH-l glider. Donflguration & j #y» o

LT "814



iateral-rorce acefriaient, O

Trving-momsut oowfflaient, 3,

Rolliag-semmt wosifiolent, 0

Angla of yau, W, degreen u dogle of ywx, Y, degress
(s] Gy, O, . COMMTIHEE Km ASMCTITICE () 0L, ox.

Figuee 18 .~ Effeos of rar oa the srodynemis dharwatyrleiios of the B4-1 glider. Gonsaguretion 5y Bz 0~

T | [ [ T T 1T T ]
e REERRN r4
A "6 =S " ;*_L X -~
- las -1 i : : —
337 'J\.__L__o_____,__-dn—-—“"’/‘f ! E L : P
+ 12 = § o | i
| P o [ ==r
i ! i o p
_ } l Z ¢
Wl 1 i RS
’% ) - ﬂi
% é — \
/sui\1 {
L T
Thsr — i ll__l
|6 S AN .,
i ul : -'-6 — - W———-]
-2 — r/
|~
e
T & P87
A ' /f\K o - }"’Jr‘—
04 7}4:_.. - ] _
5 - ;
0_“&3“ a || % ~ ] T e [22s
i i al '_i&?_‘ ;
49 /// | I -y __1 E o,
- - ——% :
a,u: g ; E : T g ——F— w2
s == o N = S
: i \ ———3R ) : — 5 S L"%——
1 | Y — L p
2 ¢ | 1 [ ; £
- ) = - - - )
=24 =20 -6 4 -8 -4 0 4 8 <0 76 2 8 4 4

8T "3t

9TdLT "ON WY VOVN




-

lateral- foorne cOSTIicdwny, Oy

Taving-Sment cosfficlenw, O

Rolling-mameny ooeffiolsnt, Oq

=5l,—
e ! i
_ : N
4 0 . 43 —
: = :
" w74 .
] o ¢£’3
g o hric] il
$ -0s
~
&kﬁ X %
—a] ]
| » b— = |333
= & -
?5.;? [ |
NS 2 9
§ ] N
é -4
Ay i
E{ﬁf _— é -3 —_—— A 2.3.5
iy INE
13 — gf b ".2
| § . o9 /3.0
-/ _ 142
- P 85
I 1 g o
2 -8 -4 o 4 8 %4048
hagle of pav, [, degreey wmn;m Augle of yav, ¥, dagrese
R CeieL e () o .

Figere /94~ Eitest of yov wn the asrsiymaxio shireateristies sf the M- glider. GComfigpuretion §f ax 0"

OTHLT "ON WH VOVN

8T 314



lotexei fores eosrriciant, &

n

UE Dhwing-soment cosfticiens,

Rolling-waent aseffioLant,

BEERC y Qiy=or |
[ ] - il
' A S3E
r I -
: i
== T a : T
l AR Sy
—a—id? g ot =-| 85
= Y g a2
i ol A — &
- ' -06 - Tt Las
I ' 4
RN i i T 330
1 \\ ~ 1
N > JJ.L
%07 ...f/
LA 330 - ' 1
R o S ! -6 ! J
| § . eﬁ-ﬁ !’/ fr !
Loartd M :
el Rz 5 |
i I & {!/P'— - . 283
S -4 }
£
- Qipoy | i | —— 236
) fieg) : 2|
F- 9 (1
T = |85 3 ,
= * 8. 2 ! =y T 88—
il N g |
;KI i .; o s 3 -p 42—
L o L__,
I I T° [
[ i o — L r 0 ] 1 |
-2 -8 -4 0 4 ) -2 -8 -4 4] 4 g
Aowle of yiw, b7, degTead Aogle of yuw, W, degress
(e} Gy, 4. € lﬂﬁwn‘:lé?m\’u {0} Gy -

PLpures) - BL4TT af yav oo Tha AArciyTamie eMCETe-laR1cw 9F the D) r#unr. Jmfiguatien 7; 8¢ o0t

0% 314

9TALT "ON ¥ YOVl




LIEN

Yawving-zozant odefficlent, o, latersl-force cosfflotent, Oy

Bolling-moment coefficient, 0;

U . -
_ [ ) ! 5 ) * B 1]
ol Qa1 ol =1
weg)
‘?‘-’6{\ JR S //'/
B et ] | T |
g0 ] g § 0 Aoy
142 == —o—0d 2 L
g4 ——f42 | ° e i — 94
—o—89 g = —t - ~0-
——236 s 4 R N . e gt q 142
—a—23 o =04 i e - N 3-78.9 T
142 — 3y § o N s g.&
RSN T T s —— 331
\‘/ -
\ g
L]
oz ] \\‘
' 236 ) -
__‘\;3:.’3‘;}__ N //_h—-— 331/
O - = =T 7 * =6 |
\?’""\-./ L [~ —
. LA Lo
"0& \\\‘ i r_//
-~ - 283
///\ o |
& |1
/“_\ 3 ' el
L {283 ls: -
02._....&3'1 e // \ \ : =3 - r—"—‘— 2 R36
\\‘/ / P \ g "/’/
N —~{_ 9 o 3
Q "47 i : - é.—z 4 ¢ /8.9
// / |1 y
N PR E
=02 e — </ PRy,
’23 A/ - 4 s o194
| et —
-O4 o
24 20 -6 =2 -8 -4 o 4. =20 -/6 -/2 -8 -4 0 4. 8
Angle of yaw, Y/, degroes NATIONAL ADVISORY
(s) Oy, 0, O+ ' Angle of yav, %, degress COMMITTEE FOR AERONMITICS
(b) 0y, 05,

Figure 2/ .~ Etfeot of yav on the serodynamie charaateristios of the DX-1 glider, Oonfigpuration 8} ks o

9T4LT 'ON INY VOVN

12 "814




